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At椅tr8Ct．lnthesummerof1983．ashort【ermheatbalaLnCeWaSStudiedonSolerGlacier，thePata－  
goniaNo勇払emI任免eid，Tocalcu勧告也£te澤nSOrtb¢b録モbalan錐叩ation，ⅦdolユSmeteOmlく〉由αl  
measurements脚doneonthegねcier．Downw紺d血orトWaⅦmdiationand也ea王bedoortbe盛拡ier  
WeremeaSuredindependentlybyllSeOftwopyranometers．Thealbedosofbareiceandmorain¢・  
COVeredicewere31％and9．8％，reSpeCtively．Theglobalradiationchangedbetween5，8MJ／m2d  
（13＄1y／d）and33．3MJ／m2d（7941y／d），andthedailymeanvaluewas22．6MJ／m9d（5391y／d）・The  
abiationwas荘蛤aSuredbytb£Stakem£thodanditsYaluesintbelowerpartortb¢如krwe代bか  
tween14and6em／day，andameanvaluewilS13．1em／dayinicethiekness・   
Amongtb¢mer野花qd托dtogiⅦ也eob梵rV¢dmdti喝Oftbeic8，tbenetradiationoⅥ訂a11waⅥト  
1ength＄COntributed27％，thelatentheat27％，andthesensibleheatalarge46％．WhenF6hnphc－  
nomenonoccurredaboveSol¢rGlacier，thesensibleheat且uxremarkablyincreased．Thehightur－  
bulenttern（＄umOfsensibleandlatentheat）atSolerGlacierisprobablyduetotheoccu汀enCeOf  
F8hnw貼血isaecompaniedwithstrongwindandhightemperattLre．  

1∴h蜘両肘舶叩  

Heatbalancestudiesonglaciersurf瓦ccsareveryHnpOrtantinunderstandin＄Climatesand  
loc扇clinati¢戯飴ー鴎CeS．Nos鰐tematicstゆortbeg王acial鮎atbalanα払theP扇喝Onia  
r（orthcmlぐC†lctdhi11eヽ・CrtIt！CTlし・こtl・ri亡dいut．1h亡rCnln：．insuTllnlCr t9b3こl～hort－1cl・IllheこLlbi11－  
anceinvestigationwascarried皿tOnSolerGlacierinthatreg10n・   
TheinstrumentationusedinthisinvestigationisdescribedinReport5．  

2．1le8I¶uヽeSaIglacierヽurhぐe   

Theheat餌ⅩeSatt血e癖混i¢ー甜一弘辞WereCぬmlatedも．ourlyand餌mnd払rも．由仁血yperi・  
Ods（9一加and20一づhr）．Asthe＞glacierisa”temperateglacieT”，th訂eisnoheat伽Ⅹi血00rO血  
Oftheglacierice．TherefbretheheatbalanCeeq11ationatthe＄laciersurfacecanbewritten  
as払1lows：  

鞄＋亀＋ざ＋エ＋㌢＋ガ＝0  （1）  

Wもere穐isぬ0頭WaⅦra心細ionぬ1ancら鶴longwaveradiationbalancちぎ舞nSit血1旭at  
Bux，LlatenthearAux，Vheattransportbyprecipitation，andMheat11SedinmeltinglCe．  
All鮎ⅩeStOWardsthe飢Irfacewereconsideredtobepositive，Whilethoseawayn・omthesuト  
ぬ窪Ⅵ鳩托COnSide托dtob¢℃£gatiⅦ．   
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2．1．Shortwave一久diationb血nce   
Downwardshortwaveradiation（SWl）andalbedoweremeasuredindependently．Re－  

flectedshortwaveradiation（SW†）wascalculatedusingspotmeasllrementSOfalbedo（d）as  
SW†＝aSWl．Then，theshortwavebalanceNs＝（1－a）SWIwascalculated．   
Themeanvalueofalbedowas31％onbareiceand9．8％ondebris－COVeredicesurfaces．  

Theglobalradiationchangedbetween5．8MJ／m2d（1381y／d）and33．3MJ／m2d（7941y但）；  
thedai1ymeanvaluewas22．6MJ／m℡d（5391y／d）．   

2．2．b皿gW帥e一札心細ionbdanee   
Tomeasuretheradiationbalanceoveral1wavelengthsanetradiometer（EKOCN－11）  
WaSinitial1yplacedontheglacier；however，itwasrelocatedtothebasecamplocatedinthe  
Oldendmoraineareabecauseitwasdi侃culttokeeptheinstrumenthorizontal．nerefbre，  
thesumofthelongwavebalancewasobtainedastheremainderoftheheatbalanceeqtLation．   
AsdataofnetraditationabovetheglacierwereobtainedbyanetradiometeronDecem－  
ber19，1983（Fig．1），WeCanCOmPareWiththeval11eOfremainderoftheheatbalanCeequa－  
tion．Figurelshowsthehourlyvariation ofnetradiation（Ⅳ尺），ShortwavebalanCe（Ns）  
andlongwavebalanCe（NL）．ThelongwavebalanCeWaS－9．6MJ／m2d（2291y／d）whilethe  
ValueoflongwavebalanCeaStheremainderoftheheatbalanCeequationwas－8．1MJ／  
（1931yP）inahalfday．AsshowninFigureltheobservedlongwavebalanCeinnighttime  
WaStakentobe2：erO，therefbre，bothagreedwitheachother．   

2．3．S鵬iblehe乱t銭ⅦⅩ   
The蝕ⅨWaSCalculatedusingthefb1lowingequation：  

7壱－7も  ぶ＝βCpたこ㌔   （、2）  
1n（Z2／る）   

Wherepisthedensityofair，CpthespeCificheatofairunderconstantPreSSure，kvonKar－  
manco鮎tantequaltoO．4，U＊thefrictionvelocity，nand7もareairtemperaturesatheight  
Z2（＝1．5m）andZ。therovghnesslength．ThevaluesofZ。andU＊COuldbedeterminedたom   

坑＝貰1n  
（3）  

where玩isthemeanwindspeedataheightZ．Therefbre，Verticalprofi1esofwindspeed  

012 3 4 5 6 7 8 9101】121314】51617】819 202122～3h  
LOCAL TIME  

Fjg．1．Hourlyvariationofradiativebalances，Dccenibcr19，1983．   
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しOCAし T】ME  
ア短．まComp訂isonort壬建＄enSibleb£at免じXbdw宅enF払n（D∝embば19）andno恥F6王m匝  
ぬ24）conditions．  

abovetheicesurfaceweremeas11redatthreeheights，25，50and150cm．Mostofthewind  
pro丘ksw¢ー¢io富鉱ithnic．Fromtb．esedata′of雨ndsp8edpro点1e，there如io汲もetweentb¢  
倉idionvelocityandtbewねdsp詐datl．5mvasobtai王1edass鮎wniユFi騨汀¢2；i息乙㌔＝  
0．05Lrい‥・＼1、いIll＝11Cl111ヽこIhLじいrZ．，≠こLSO．OJGい11付rm亡ItinぎしいIlditiり恥．OLllhL：小tllerhand、  
theairtemperatureatZ。WaSaSSumedtobeOOC，i．e．thesurnLCetemperaturefbrmeltinglCe．   
SometimestheF6hnoccurredontheglacierinwhichthewindspeedandthcairtempera－  
tureincreased，SOthatthesensibleheat丑uxremarkablyincreased．Forexample，Figure3  
ShowstbeYadationsorbourlyheat蝕ⅨinF6blandnoユーF6‡mconditioユS．   

2．4．もat81tbe如銭ⅦⅩ   
Latentheat且uxwascalculatedinthesam¢man11eraSforsensibleheatAux．Theequation  

isglVenby  
g望一句 ＿ 0．62之  

（弔  エ＝タ挽こ㌔  
b（Z27Z¢） ダ   

Werelislatentheatofcond孤SationorevaporatioIleq11alto250J／g（597cal／g），e2ande。  
arewatervaporpressuresatZ彗andattheicesurfhcerespectively．Thus，uSlngthevaluesof  
temperatureandrelativehumiditymeas11redatknownheightsabovethesur払cethelatent  
I蛤at］鮎ⅨCanbecalculated．   
Rgじre4ぬ0VSt壬ほY訂iati｛〉nintbmeanぬilyYalⅥeSOf常温t訂Vap餌p托S錯re．Åstb∋餌ー－   
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Fig．4．Dailyvariationofwatervaporpressure．  

払cewasalwaysmeltingth8temPerat11reWaSalwaysOOC．Positivelatentheattran坤Ort（con－  
densation）waspredominantthroughtheobservationalperiod；theonlyperiodofevapora－  
tionoccurred onDecemb¢r16．   

2．5．Melthg01ice   
Ablationwasmeasuredbythestakemethod．Thedailyamo11ntSOfablationinthelower  
PartOftheglacierwerechangedたom14to6cmofice，andameanvaluewas13．1cmof  
ice，Theaverageoverthewhdleglacierwas9．8cmofice．Ast鮎icedensityis90Okglmき，  
tIはener謬reqⅦired払rmdti喝th¢amOⅦntOf9．8cmoriceis706calプcm彗day．   

2．6．He盆モモー通SpOr畿もypr¢eipit乳房¢8   
Heattran甲Ortduetoprecipitatio71issmal1．Thetotalprecipitationinthe董brmofrainwas  
131．2mm払rthe22－dayperiod．Theawrageairtemperaturefbrthatperiodwasaround  
7．50C，SOtheheattransporttotheglaciersurfaceduetorain払11canbeconsideredtob¢  
4．2cal／cm2day．Sothistermwasalsoneglected．  

3．H飽tbd油Ceatgl批ier別肝蝕ee   

TtlCllCこItb：lhllぐt：いrlildこLit）lday－ti111ebaホILndthcmt：l＝ll－CreCTllnぎL；じOmrl11［1enlSnTL）ゝTIL一≠・ll  
dhgmmnlこLtkiLltさin）：iぎurじ5．lnTこIhkl．theeoml一川Ie（11、いrlhL：bilhllet；LITCillso油l、≠11こIS  
Ⅱ貯aユdaytimちmean涙g如time，む戚dailyYaiws；thep餅C孤t喝eCOnpOnentSOrboth＄0㍑rC一  
合sandsi‡lksa持出sogiv測．T王妃pemtZ喀eCOnpOne扇SOrt鮎鮎atもa払nc番地耶租inTabl¢l  
aredi飴rentv扇wsfmmtb．oseonSanRa払elGlad¢r（s館Reporと句，融通ret鮎radiativ¢  
COmPOnentWaS50％，thesensible36％，andthelatent16％．Therefore，Ontheeasternglacier  
Oftheicefieldthesensibleheatisamoreimportanthctortoablationcomparedwiththewest一  
併nglacierortheice鮎Id．  

Tablel．ComponentsoftheheatbalanCe，SolerGlacier，December15「29，1983．  
Avαaき野daytime  
（00：Oh）  

AvcragenighttiTne  Average daily 
（コM9Il）  

Components  ly MJm‾3  ％  1y MJnl‾3 ？ム  Iy  トりm‾3  
Radiaモionba王ance  
Sensib主ebeat丑11Ⅹ  
Latentbeat丑11Ⅹ  
Abiation（staぬ）  

193  乳0   ヰ3  
172  7．1   38   
87  3．6  1ク  

ー45ユ  ー18．8 －1（X）  

－ニ5  －－l，0  －13  
114   4．7   5丞   
84   3．5   42  

－173  岬7．2  －87  

168  7．0   
2S6  11，9  
171  7．1  

－625  －25．9   
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巧 沌 け1819 28Z12ヱヱ3 ヱ‘2ち26‡7 28i9  
DECEN旧暦R．1983  

Fig．5．Componentsofdaytime（09－20h）heatbalanceovericesurface，December15i29，1983・  

AIso血さCO叩丸亀tp¢rC孤t喝eVd滋eSm昭も¢COmp紅毛道南th也0虻払Ⅶぬ触nobseⅣか  
tio鮎byWENDL汲andIs壬I‡＆ÅWÅ（1973）簸げ11daysonMcCailGlacierinÅ1aska，V・S，A▲  
（1at．6901＄，N，long．14304＄’W），W血0払Imdt血合radiativecompon孤ttOl光68・9％，S孤Sible  
30．3％andlatentO．8％．  

4．C明紀Iu曲噂rema廠   

Tも8代ぬItsoftぬも£att〉alam00andt壬蛤ablation扇11becomparedl扇tht鮎血scb訂geOr  
CachoRiv¢r（seeReport9）．Thecontrastinthemeteorologicalconditionsinthewestem（San  
RafaelGlacier）andeastem＄ide（SolerGlacier）wasdiscus＄ed（Report8）．Inthisreportth8  
anountOficemeltobtainedbystakemeasurementsonthe威acierwasonlycomparedwith  
heatbalancecalculations．   
0ぐeaSi川Ii11tylhcFOtlllO此url山tmtheghcicril川hiehtllい、－i－1dspeedilntl：liTtt：mpemturC  

increased，CauSingtheconsiderableincreaseofthesensibleheat鮎Ⅹ．   
About50％ofthesurfaceareaofSolerGlacieriscoveredbydebris，Withther6maindercon・  
Sistingofbareicesurface．Inthepresentanalysis，thedi蝕rencesinablationandalbedoat  
twosurfaceswerenotdiscussed．Therefbre，furtherstudyhastobecontinuedtodetermine  
111eしIilTbrellじビiillllleIlletビい「い11－ざ血Ielemenl＼こIltlledehris－…、er山こい山hユreiしe、u止lじ亡S．  

Aekmow】¢d酢men也  

TheauthorsaregratefultoD指．N．IshikawaandE．AkiyamaofInstituteofLowTemperature  
Science，Hokkaido University．who mademanyvaluablecommentsand madeinstrumentSaVail・  
able．   
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Re＄lmen．Balanceenerg6ticoenelGlaciarSoler  

Scefbetu6urlCSludiodclbaluTlぐeeneTgさtieoerLCIGheiaTSolしrdurこLnteelド血dodellユ  
deDiciembrede1983al2deEnerode1984．Paracalcularlosterminosdelaecuaci6ndelba－  
lanceenerg6tico，Seefbctuarondiversasmedicionesmeteoro16gicasenlalenguadehieloala  
COtade400m．Radiaci6nincidentedeondacortayalbedodelglaciarsemidieronindepend・  
iedementeutili孤ndodosprlan6metros．Lo＄albedosdelhielopuroydelhielocubiertopor  
norrenasfueron31％y9，8％，reSPeCtivaⅡ好nte．Laradiaci6nglobalvari6e鵬re138y794  
1〉r／dia．yel＼′al11TtliarhmedioFue5391）∴diil．   
Tadbi血hablaci6n負1emedidaconelmさtododeestacas．Laablaci6nenel丘entedel  
劇aciarfueentre14y6cm／diaenhielo，COnunValormediode13，1cm／dia．   
Ocasionalmenteocurri6elfbn6menode“F6hn”sobreelBlaciar．Enestecasoseincre・  

me雨dlaⅦlocidaddelvientoylatempera血rad¢laire，dem弧er乱qⅦeel丑房odecalors鴎－  
Sibleaumcnt6eo爪、idcrこthl川ICntビ．＾tlTtmユs．clnujodcealoThte）lteSiempreeorLtribuyt5ala  
¢Onden＄誠i血atrav由detodoelpe血do血db＄併VaCi血，Yale血¢iT，aCdモーandola触i血dd  
hiモlo．   
Por匂emplo，enelcasodeocumnciade“F（通が’，losporcen両esde餌ente＄d¢C扇or，COmO  
Calorsen＄ible，radiaci6nnetaycalorlatentefueron53，32y15％，reSPeCtivamente．Porotra  
p訂tちen血s濃籠blados（Sin“F蝕乱”），euO＄免妃rOn3S，39y23％res騨divaⅡ持戒e・   
ComopiTdidiLdeeatoT．1acantidadpTOmediod亡油Tacidlldビ1こlゝdiceisdiseslこIt：：t、ruede  
＄，lcmde最elodwa雨eeld王a，1，7c皿dehielo血rantelanoch8y9，8cmdehieloparael  
diaylanocbe．   


